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(54) A micro-mechanical oscillator 



(57) The device consists of a planar oscillating structure (13) which is free to move relative to a supporting 
substrate (12) in response to angular velocity or an acceleration. A set of segmented interdigitated comb 
electrodes (161, 162) are applied to the oscillating element (13) separated from one another by insulating areas 
(160). These interlink with electrodes (171) mounted in fixed relation to the substrate (12). Also provided are a 
distance measuring electrode (18) and aspherical supporting members. The oscillating element may be 
formed from a single piece of semiconductor material, doped to create the conducting regions, that is etched 
out from the substrate. The advantage is that use of segmented oscillating elements prevents parasitic charge 
build-up upon data electrodes and therefore allows better signal to noise ratio (SNR) measurements coupled 
with an enhanced design freedom. Preferably the device is used in a gyroscopic instrument or as an angular 
velocity sensor. 




At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
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TITLE 

SEMICONDUCTOR MICROMACHINE AND MANUFACTURING METHOD THEREOF 
DESCRIPTION 

Field of the Invention 

The present invention relates to a semiconductor 
micromachine applied to various microsensors and a 
manufacturing method thereof. 
Background 

Conventionally, there has been developed a 
micromachining technology that employs semiconductor 
materials such as silicon. This micromachining technology 
enables the manufacture of a minute sensor such as an 
angular velocity sensor (gyro sensor) , an acceleration 
sensor, a microactuator and the like. In combination with a 
generally employed technology for manufacturing 
semiconductor circuits or the like, this technology enables 
the manufacture of the aforementioned minute sensors having 
a dimension of less than 1mm, without making use of 
machining work. 

As an example of a product of this technology, a 
semiconductor micromachine that operates as an angular 
velocity sensor will now be described with reference to Figs. 
15 through 17. 

A semiconductor micromachine 9 as illustrated in Figs. 
15 through 17 has a substrate 92, a movable portion 93 and a 
pair of stationary portions 97. The movable portion 93 is 
supported by acicular bodies 95, and is arranged opposite 
the substrate 92 with a gap portion 91 provided therebetween. 
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The movable portion 93 is arranged between the stationary 
portions 97 that are located opposite each other. As shown 
in Fig. 16, the movable portion 93 is arranged parallel to 
the substrate 92. 

The movable portion 93 is composed of a vibrating 
plate 96 and movable-side comb-shaped electrodes 961 
integrally provided on both sides of the vibrating plate 96. 

Each acicular body 95 is connected at an end thereof 
with a supporting portion 94 secured to the substrate 92. 
The supporting portions 94 are secured to the substrate 92 
through securing layers 949. Each supporting portion 94 is 
provided with an electrode pad 948. 

Furthermore, the substrate 92 has thereon a distance 
detecting electrode 98, which is located opposite the 
vibrating plate 96 to detect the distance between the 
substrate 92 and the vibrating plate 96. As shown in Fig. 
16, the vibrating body 96 has on a back surface 962 thereof 
a detecting electrode section that cooperates with the 
distance detecting electrode 98. 

The distance detecting electrode 98 is connected with 
an electrode pad 988 through a lead portion 980 and a 
terminal portion 982. 

The stationary portions 97 are provided with 
stationary-side comb-shaped electrodes 971 for causing the 
vibrating plate 96 to vibrate. The stationary-side comb- 
shaped electrodes 971 and the movable-side comb-shaped 
electrodes 961 are arranged to be engaged with each other. 
A very narrow gap is formed between each movable-side 
electrode 961 and each stationary-side electrode 971. 

The stationary portions 97 are secured to the 
substrate 92 by securing layers 979. The stationary 
portions 97 are provided with electrode pads for applying a 
voltage to the stationary-side comb-shaped electrodes 971. 

In the aforementioned semiconductor micromachine 9, 
the substrate 92 is made of monocrystal silicon, and the 
movable portion 93 is made of polycrystal silicon doped with 
phosphorus, boron, antimony or the like. The stationary 



portions 97, the supporting portions 94, and the acicular 
bodies are also made of polycrystal silicon doped with 
phosphorus, boron, antimony or the like. 

The distance detecting electrode 98 provided on the 
substrate 92 is doped with a dopant whose characteristics 
are different from those of the substrate 92. More 
specifically, a corresponding portion of the substrate 92 
made of p-type monocrystal silicon is doped with phosphorus, 
boron, antimony or the like, so that the distance detecting 
electrode .98 is obtained. 

The lead portion 980 and the terminal portion 982 are 
also formed on the substrate 92 substantially in the same 
manner as the distance detecting electrode 98. 

The securing layers 949, 979 are made of a silicon 
nitridation film. 

Furthermore, the electrode pads 948, 978 and 988 are 
made of conductive materials such as gold, aluminium or the 
like. 

It will be described hereinafter how the 
aforementioned semiconductor micromachine 9 detects an 
angular velocity. 

First, an alternating-current voltage of a rectangular 
waveform ranging from 0 to V 0 (V) is applied between the 
movable-side and stationary-side comb-shaped electrodes 961, 
971 on one side. This alternating-current voltage has a 
resonance frequency for the case where the movable portion 
93 resonates in a direction indicated by arrow a of Fig. 15. 
An alternating-current voltage having a phase shifted by 180 
degrees is applied between the movable-side and stationary- 
side comb-shaped electrodes 961, 971 on the other side. 

There is thus generated an electrostatic force between 
the respective movable-side and stationary-side electrodes 
961, 971. As indicated by arrow a of Fig. 15, this 
electrostatic force causes the vibrating plate 96 to vibrate 
horizontally, that is, in a direction parallel to the 
substrate 92 . 

Starting from this state, the semiconductor 
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micromachine 9 is caused to rotate upon c-axis as 
illustrated in Fig. 15 at an angular velocity co . 

Then, Corioli's forces Fl, F2 as illustrated in Fig. 
16 are alternately applied to the vibrating plate 96, which 
is caused tc vibrate in a direction perpendicular to the 
substrate 92 as indicated by arrow /3 of Fig. 15. 

The Corioli's forces Fl, F2 are represented as 
follows: 

Fl = F2 = 2ma> X A (2 n f ) cos { (2 n f ) t } 

wherein "m" represents mass of the vibrating plate 96, 
" co " angular velocity of the semiconductor micromachine 9, 
"A" amplitude cf the vibrating plate 96, "f" frequency of 
the alternating-current voltage, and "t" elapsed time. 

When the vibrating body 96 vibrates vertically, the 
distance between the vibrating body 96 and the substrate 92, 
that is, the thickness of the gap portion 91 changes in 
accordance with a frequency of the vibration. The change in 
• the distance is detected as a change in the electrostatic 
capacity between the back surface 962 of the vibrating body 
96 and the distance detecting electrode 98. Based on the 
value thus detected, the angular velocity co is detected by 
processing signals from a circuit not shown in the drawings. 

As will be described hereinafter, the semiconductor 
micromachine 9 has been conventionally manufactured using a 
generally employed technology for manufacturing 
semiconductor circuits. 

As shown in Figs. 5, 7, a distance detecting electrode 
18 or the like is formed in a substrate 12 by doping the 
substrate 12 with a dopant. This dopant has a conductivity 
different from that of the substrate 12. 

A silicon oxidation film 53 is provided on the 
substrate 12, an etching stopper layer 54 is then provided 
on the silicon oxidation film 53, and finally an etching 
layer 55 is provided on the etching stopper layer 54. 

A resist pattern used as a mask is subsequently formed 
on the etching layer 55 by a photoiitho process. The 
etching layer 55, the etching stopper layer 54 and the 



I 



silicon oxidation film 53 are subjected to a RIE (reactive 
ion etching) process. This etching process allows the 
formation of contact holes between acicular bodies 15 and 
the substrate 12 and contact holes between stationary-side 
driving electrode sections 171 and the substrate 12. 

After the resist pattern has been removed, a 
semiconductor thin film 57 is provided on the etching layer 
55. By means of ion implantation, the entire surface of the 
semiconductor thin film 57 is doped with a dopant that has a 
conductivity equal to that of the distance detecting 
electrode 18 or the like formed on the substrate 12. The 
semiconductor thin film 57 is then subjected to a thermal 
treatment in order to reduce inner stresses building up 
therein and activate the dopant contained therein. 

Thereafter, a resist pattern as a mask is formed on 
the semiconductor thin film 57 by a photolitho process . The 
semiconductor thin film 57 is then transformed by an etching 
process into a movable portion 13, the acicular bodies 15 
and a stationary portion 17. 

A portion of the etching layer 55 located 
substantially beneath the movable portion 13 and the 
acicular bodies 15 is then removed, so that that portion 
becomes a gap portion 11. In this state, the semiconductor 
thin film 57 constitutes the movable portion 13, the 
acicular bodies 15 and the stationary portions 17. 

The movable portion 13, the stationary portions 17 and 
the distance detecting electrode 18 are then suitably 
provided with electrode pads, so that the semiconductor 
micromachine 9 is completed. 

However, the aforementioned semiconductor micromachine 
9 has the following drawbacks. 

That is, the movable-side comb-shaped electrodes 961 
and the vibrating body 96 both belong to the movable portion 
93 that is made of a sheet of doped polycrystal silicon. 

Hence, the movable-side comb-shaped electrodes 961 and 
the vibrating body 96 are electrically in communication with 
each other. 
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The movable-side comb-shaped electrodes 961 are spaced 
apart from the stationary-side electrodes 971 by a very 
narrow gap. Therefore, when a voltage is applied to the 
stationary-side comb-shaped electrodes 971, the movable-side 
comb-shaped electrodes 961 become electrified. 

The modulus of elasticity of the acicular bodies 95 
connected with the vibrating body 96 needs to be small in 
order to cause the very light vibrating body 96 to vibrate 
efficiently. Hence, the acicular bodies 95 generally have a 
small diameter and a great longitudinal dimension. The 
acicular bodies 95 thus have an enormous electric resistance 
value. 

Hence, the electric charges accumulated in the 
movable-side comb-shaped electrodes 961 are unlikely to move 
towards the acicular bodies 95 whose electric resistance is 
great. Instead, the electric charges are accumulated in the 
vibrating plate 96. 

Consequently, the back surface 962 of the vibrating 
body 96 is charged with an excessive amount of electric 
charges, so that the detected distance between the back 
surface 962 and the distance detecting electrode 98 is not 
exactly proportionate to the distance between the vibrating 
body 96 and the substrate 92. 

That is, the angular velocity a> cannot be detected 
precisely. 

In other words, in the conventional semiconductor 
micromachine, electric charges are likely to move between 
the electrodes and wires, which causes crosstalk of signals. 

As described hitherto, the circuit constituting the 
electrodes and the wires of the semiconductor micromachine 
has a low S/N ratio, so that the detecting precision thereof 
deteriorates. Furthermore, since a plurality of electrodes 
within the movable portion are electrically ir. communication 
with each other, the circuit should be designed such that 
these electrodes are provided with an equal electric 
potential (these electrodes are grounded) . Accordingly, the 
circuit has a low degree of designing freedom. 
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In the case where the micromachining technology is 
applied to the acceleration sensor, the microactuator or the 
like, the same drawbacks as in the angular velocity sensor 
will be observed. 

In order to eliminate the aforementioned drawbacks, 
the present invention aims at providing a semiconductor 
micromachine and a manufacturing method thereof that would 
prevent crosstalk of signals between the electrodes and 
achieve a high S/N ratio as well as a high degree of 
designing freedom. 

The Invention 

According to one aspect of the present invention, 
there is provided a semiconductor micromachine including: a 
substrate; a movable portion arranged opposite the substrate 
with a gap portion interposed therebetween, the movable 
portion being made of a semiconductor layer and having a 
plurality of electrode sections and an electrical insulation 
section interconnecting the electrode sections; and 
supporting bodies for floatably supporting the movable 
portion. 

The operation of this aspect of the present invention 
will now be described. 

In the semiconductor micromachine of the present 
invention, the respective electrode sections and wires are 
interconnected by the electrical insulation section. 

It is thus possible to prevent electric charges 
flowing through a certain electrode section or wire from 
moving into another electrode section or wire through the 
movable portion. That is, the occurrence of crosstalk of 
signals among the respective electrode sections and wires 
can be prevented. Due to . an unlikely possibility of 
crosstalk of signals, it is possible to enhance S/N ratios 
of the electrode sections and wires. 

In addition, it is possible to control a current 
flowing through a certain electrode section or a certain 



wire independently of the current flowing through other 
electrode sections or wires. Similarly, it is possible to 
control a voltage applied to a certain electrode section or 
a certain wire independently of the voltage applied to other 
electrode sections or wires. Accordingly, the degree of 
designing freedom for a circuit in the semiconductor 
micromachine can be enhanced. 

As described above, the present invention aims at 
providing a semiconductor micromachine and a manufacturing 
method thereof that would prevent crosstalk of signals 
between the electrodes and achieve a high S/N ratio as well 
as a high degree of designing freedom for a circuit "of the 
semiconductor micromachine. 

The semiconductor micromachine of the present 
invention is a sensor employing micromachining technology 
such as an angular velocity sensor, an acceleration sensor, 
a microactuator or the like. 

The substrate is made of monocrystal silicon, 
polycrystal silicon, glass, monocrystal sapphire, stainless 
or the like. 

Since the monocrystal silicon substrate is easily 
available, the productivity of the semiconductor 
micromachine can be enhanced. Furthermore, a generally 
employed process of manufacturing LSI can be directly 
applied to the manufacture of the semiconductor micromachine. 

The polycrystal silicon substrate is available at a 
moderate price. Hence, it is possible to reduce the 
manufacturing cost of the semiconductor micromachine. 

Furthermore, the glass substrate is inexpensive and 
easily available. Hence, it is possible to reduce the 
manufacturing cost or the like of the semiconductor 
micromachine . 

According to another aspect of the present invention, 
there is provided a manufacturing method of a semiconductor 
micromachine having a substrate, a movable portion arranged 
opposite the substrate with a gap portion interposed 
therebetween, the movable portion being made of a 
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semiconductor layer and having a plurality of electrode 
sections and an electrical insulation section 
interconnecting the electrode sections, and supporting 
bodies for floatably supporting the movable portion, 
including the steps of: forming an etching layer on the 
substrate; forming a diffusion inhibiting layer on the 
etching layer; forming a semiconductor layer on the 
diffusion inhibiting layer; selectively doping the 
semiconductor layer with a dopant; patterning the 
semiconductor layer by photolitho etching to form holes for 
introducing an etchant, the plurality of electrode sections, 
the electrical insulation section, and the supporting 
bodies; and forming the gap portion and the semiconductor 
thin film as the movable portion by removing the etching 
layer using the etchant. 

The diffusion inhibiting layer is, for example, a 
silicon nitrodation film (SiN) , a silicon nitrodation 
oxidation film (SiON) or the like. 

These materials decrease a rate at which various 
dopants contained in the etching layer are diffused. It is 
thus possible to inhibit the dopants from being diffused 
from the etching layer into the semiconductor thin film. 

Hence, it is desirable to separate the conductive 
portions from the electrical insulation section in the step 
of selectively doping the semiconductor thin film with the 
dopant. In this manner, it is possible to prevent the 
electrical insulation section from being doped with the 
dopant contained in the etching layer, so that the 
reliability of the electrical insulation section is ensured. 

The diffusion inhibiting layer is, for example, a 
boron glass film (BSG) . 

The boron glass film contains borer., which is a dopant 
capable of forming a p-type semiconductor. Therefore, in 
the case where the electrode sections and wires are made of 
an n-type semiconductor, the dopant in the etching layer is 
diffused into a portion interconnecting the electrode 
sections and wires. Consequently, that portion acquires, 
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although to a limited extent, the characteristics of the p- 
type semiconductor . 

Hence, there is formed in the movable portion a so- 
called npn-conection which ensures electrical insulation 
among the electrode sections and the wires. 

It is to be noted that the aforementioned steps need 
not be carried out in the given order, and that these steps 
can be carried out in any order. 

Furthermore, it is to be noted that the doping process, 
the photolitho etching process and the etching layer 
removing process need not be carried out in the given order, 
and that these processes can be carried out in any* order. 
For example, it is possible to carry out the photolitho 
etching process, the doping process and the etching layer 
removing process in this order. 

The etching layer is preferably a phosphorus glass 
film (PSG), an arsenic glass film (ASG) or the like. The 
rate at which a widely employed etchant such as buffered 
hydrofluoric acid (BHF) enters these materials is high, so 
that the etching process can be completed in a short time. 

In this case, the semiconductor thin film is, for 
example, polycrystal silicon or non-crystal (amorphous) 
silicon. 

The aforementioned step of selective doping means 
doping a predetermined portion of the semiconductor thin 
film with the dopant by means of ion implantation or the 
like in the photolitho process. Basically, this step is 
carried out to form the electrode sections and the wires of 
the movable portion. 

The operation of this aspect of the present invention 
will now be described. 

According to the manufacturing method of the 
semiconductor micromachine, the diffusion inhibiting layer 
is provided on the etching layer, and the semiconductor 
layer constituting the movable portion is provided on the 
diffusion inhibiting layer. 

Hence, it is possible to inhibit the dopant contained 
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in the etching layer from being diffused into the 
semiconductor thin film. 

It is .thus possible to prevent an excessive amount of 
dopant from entering the electrical insulation section 
interconnecting the electrode sections and the wires of the 
movable portion, so that the conductivity of the electrical 
insulation section can be kept low. 

It is thus possible to obtain a semiconductor 
micromachine that ensures electrical insulation among the 
electrode sections and the wires. 

Should the dopant be diffused into the semiconductor 
thin film, the conductivity of the semiconductor thin film 
would be enhanced, the electrical insulation among the 
electrode sections thus would be invalidated, and the 
movement of electric charges therebetween (crosstalk of 
electrical signals) would be induced. 

As described hitherto, according to this manufacturing 
method, the dopant is not diffused from the etching layer 
over the entire surface of the semiconductor thin film. 
Accordingly, it is possible to manufacture a semiconductor 
micromachine whose respective electrodes and wires are 
securely separated from each other by the electrical 
insulation section . 

According to still another aspect of the present 
invention, there is provided a manufacturing method of a 
semiconductor micromachine having a substrate, a movable 
portion arranged opposite the substrate with a gap portion 
interposed therebetween, the movable portion being made of a 
semiconductor layer and having a plurality of electrode 
sections and an electrical insulation section 
interconnecting the electrode sections, and supporting 
bodies for floatably supporting the movable portion, 
including the steps of: forming an etching layer made of a 
Ge thin film or a Si-Ge mixed crystal thin film on the 
substrate; forming a semiconductor thin film made of at 
least one of the fourth group elements (Si, Ge and C) on the 
etching layer; selectively doping the semiconductor layer 
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with a dopant; patterning the semiconductor layer by 
photolitho etching to form holes for introducing an etchant f 
the plurality of electrode sections, the electrical 
insulation section, and the supporting bodies; and forming 
the gap portion and the semiconductor layer as the movable 
portion by removing the etching layer using the etchant. 

The semiconductor layer is made of at least one of the 
fourth elements in the periodic table (Si, Ge and C) . That 
is, the semiconductor thin film may be a Si thin film, a 
diamond (carbon) thin film, a Si-C-Ge thin film, a SiC thin 
film or a SiGe thin film. The Si thin film is made of 
either polycrystal Si or non-crystal (amorphous) Si. 

The etching rate of the semiconductor layer is 
preferably lower than that of the etching layer. Hence, 
during the etching process, it is possible to remove only 
the etching layer without causing damage to the 
semiconductor layer . 

The etching layer and the semiconductor layer can be 
formed by means of CVD, sputtering or vacuum evaporation. 
The etching layer should be provided at least beneath the 
semiconductor thin film that constitutes the movable portion. 

The aforementioned step of selective doping means 
doping a predetermined portion of the semiconductor layer 
with the dopant by means of ion implantation or the like in 
the photolitho process. Basically, this step is carried out 
to form the electrode sections and the wires of the movable 
portion. 

It is to be noted that the aforementioned steps need 
not be carried out in the given order, and that these steps 
can be carried out in any order. 

The operation of this aspect of the present invention 
will now be described. 

According to the manufacturing method of the 
semiconductor micromachine, the etching layer is made of a 
Ge thin film or a Ge-Si mixed crystal thin film. 

That is, the etching layer contains few materials 
acting as a dopant for the semiconductor thin film, so that 
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there is no possibility of a dopant being diffused from the 
etching layer into the semiconductor thin film. 

It is thus possible to prevent an excessive amount of 
dopant from entering the electrical insulation section 
interconnecting the electrode sections and the wires of the 
movable portion, so that the conductivity of the electrical 
insulation section can be kept low. 

It is thus possible to obtain a semiconductor 
micromachine that ensures electrical insulation among the 
electrode sections and the wires. 

Should the dopant be diffused into the semiconductor 
thin film, the conductivity of the semiconductor thin film 
would be enhanced, the electrical insulation among the 
electrode sections thus would be invalidated, and the 
movement of electric charges therebetween (crosstalk of 
electrical signals) would be induced. 

As described hitherto, this aspect of the present 
invention enables the manufacture of a semiconductor 
micromachine having a movable portion whose respective 
electrodes and wires are electrically separated from each 
other by an electrical insulation section reliably. 

Besides an angular velocity sensor, the semiconductor 
micromachine that can be manufactured according to this 
manufacturing method includes an acceleration sensor, a 
microactuator and the like. 

The Drawings 

Further objects, features and advantages of the present 
invention will become apparent from the following 
description of the preferred embodiments with reference to 
the accompanying drawings, wherein: 

Fig.l is a plan view illustrating a semiconductor 
micromachine of a first embodiment of the present invention; 

Fig. 2 is a cross sectional view taken along A-A line 
of the semiconductor micromachine of the first embodiment as 
illustrated in Fig. 1; 
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Fig. 3 is a plan view illustrating a semiconductor 
micromachine of a second embodiment of the present 
invention; 

Fig. 4 is a cross sectional view taken along B-B line 
of the semiconductor micromachine of the second embodiment 
as illustrated in Fig. 3; 

Fig. 5 illustrates a first manufacturing method of a 
semiconductor micromachine; 

Fig. 6 illustrates a subsequent step of manufacturing 
the semiconductor micromachine according to the first 
manufacturing method as illustrated in Fig. 5; 

Fig. 7 illustrates the first manufacturing method of 
the semiconductor micromachine; 

Fig. 8 illustrates a subsequent step of manufacturing 
the semiconductor micromachine according to the first 
manufacturing method as illustrated in Fig. 7; 

Fig. 9 illustrates a second manufacturing method of a 
semiconductor micromachine where a diffusion inhibiting 
layer is provided with dopant diffusion windows; 

Fig. 10 illustrates a third manufacturing method c: a 
semiconductor micromachine; 

Fig. 11 illustrates a subsequent step of manufacturing 
the semiconductor micromachine according to the third 
manufacturing method as illustrated in Fig. 11; 

Fig. 12 illustrates the third manufacturing method of 
the semiconductor micromachine; 

Fig. 13 illustrates a subsequent step of manufacturing 
the semiconductor micromachine according to the third 
manufacturing method as illustrated in Fig. 12; 

Fig. 14 illustrates a fourth manufacturing method of a 
semiconductor micromachine; 

Fig. 15 is a plan view illustrating a conventional 
semiconductor micromachine ; 

Fig. 16 is a cross sectional view taken along C-C line 
of the conventional semiconductor micromachine as 
illustrated in Fig. 15; and 

Fig. 17 is a cross sectional view taken along D-D line 



of the conventional 
illustrated in Fig. 15. 



semi conductor 



micromachine 
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DESCRIPTION OF PREFERRED EMBODIMENTS 

First embodiment 

A semiconductor micromachine according to a first 
embodiment of the present invention will be described with 
reference to Figs. 1, 2. The semiconductor micromachine of 
this embodiment is an angular velocity sensor manufactured 
by using micromachining technology, and the basic structure 
thereof is substantially the same as that of the 
conventional semiconductor micromachine (See Figs. 15 
through 17) . 

As shown in Figs. 1, 2, the semiconductor micromachine 
1 of this embodiment has a substrate 12 and a movable 
portion 13. The movable portion 13 is composed of a 
polycrystal silicon thin film supported by acicular bodies 
15, 150, and is arranged opposite the substrate 12 with a 
gap portion 11 provided therebetween. Provided in the 
movable portion 13 are an electrode and wires 159. The 
electrode is composed of movable-side driving electrode 
sections 161 and movable-side detecting electrode section 
162. The respective electrode sections and wires are 
interconnected by an electrical insulation section 160. 

A pair of stationary portions 17 are secured to the 
substrate 12, and the movable portion 13 is disposed between 
the stationary portions 17. 

The movable portion 13 has on both sides thereof the 
movable-side comb-shaped driving electrode sections 161. 
Each of the stationary portions 17 is provided with 
stationary-side comb-shaped driving electrode sections 171, 
which are arranged to be engaged with the driving electrode 
sections 161. A very narrow gap is formed between each 
movable-side driving electrode section 161 and each 
stationary-side driving electrode section 171. 

Furthermore, the acicular bodies 15, 150 are unmovable 
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with respect to the substrate 12. The driving and detecting 
electrode sections 161, 162 are connected with the acicular 
bodies 15 via the wires 159 respectively. 

The stationary portions 17 are secured to the 
substrate 12 by a supporting layer 179. 

As shown in Fig. 2, the substrate 12 has thereon a 
substrate-side distance detecting electrode 18, which is 
located opposite the detecting electrode section 162 of the 
movable portion 13. The distance detecting electrode 18 
detects a distance between the substrate 12 and the movable 
portion 13, that is, a thickness of the gap portion 11. 

Each acicular body 15 has at one end thereof an 
electrode pad 158. The acicular body 150 only serves to 
support the movable portion 13. 

The movable portion 13, the stationary portions 17, 
and the acicular bodies 15, 150 are all made of polycrystal 
silicon. The driving and detecting electrode sections 161, 
162 and the acicular bodies 15 of the movable portion 13 and 
the stationary-side driving electrode sections 171 of the 
stationary portion 171 are made of an n-type semiconductor, 
which is made by doping polycrystal silicon using ion 
implantation of a dopant such as phosphorus. The electrical 
insulation section 160 is made of undoped polycrystal 
silicon . 

The substrate 12 is made of p-type monocrystal silicon, 
and the distance detecting electrode 18 is made of n-type 
silicon, which is an electrically conductive material. 

The aforementioned semiconductor micromachine 1 
detects an angular velocity in the following manner. 

As is the case with the conventional semiconductor 
micromachine 9, an alternating-current voltage of a 
rectangular waveform ranging from 0 to V 0 (V) is applied in 
parallel with the substrate 12 between each stationary-side 
comb-shaped electrode section 171 and each driving electrode 
section 161. This alternating-current voltage has a 

resonance frequency for the movable portion 13. 

The movable portion 13 is thus caused to vibrate 
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horizontally, that is, in a direction parallel to the 
substrate 12. 

In this state, by causing the semiconductor 
micromachine 1 to rotate upon a rotational axis as 
illustrated in Fig. 1 at an angular velocity w , the movable 
portion 13 starts to vibrate in a direction perpendicular to 
the substrate 12. 

When the movable portion 13 vibrates vertically, the 
distance between the movable portion 13 and the substrate 12, 
that is, the thickness of the gap portion 11 changes in 
accordance with a frequency of the vibration. 

The distance detecting electrode section 18 and the 
detecting electrode section 162 in the movable portion 13 
constitute a condenser whose electrostatic capacity changes 
in accordance with a change in the thickness of the gap 
portion 11. 

Accordingly, it is possible to detect the change in 
the thickness of the gap portion 11 as an electric signal 
value, by detecting the electrostatic capacity determined by 
a circuit. The value thus detected serves to detect an 
angular velocity coot the semiconductor micromachine 1. 

The operation and effect of this embodiment will now 
be described. 

In the semiconductor micromachine 1 of this embodiment, 
the driving electrode sections 161, the detecting electrode 
section 162, and the wires 159 are interconnected by the 
electrical insulation section 160. 

Therefore, the driving electrode sections 161, the 
detecting electrode section 162, and the wires 159 are 
electrically independent of each other. 

Accordingly, there are few electric charges moving 
between these electrically independent portions, which 
hardly allows crosstalk of signals to occur. Due to an 
unlikely possibility of crosstalk of signals, the S/N ratios 
in the driving electrode sections 161, the detecting 
electrode section 162 and the wires 159 can be enhanced. 

The semiconductor micromachine 1 of this embodiment is 
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thus capable of detecting an angular velocity with high 
precision . 

Furthermore, it is possible to control a current 
flowing through a certain driving electrode section 161, a 
certain detecting electrode section 162 or a certain wire 
159 independently of the current flowing through other 
portions. Similarly, it is possible to control a voltage 
applied to a certain driving electrode section 161, a 
certain detecting electrode section 162 or a certain wire 
159 independently of the voltage applied to other portions. 
Accordingly, the degree of designing freedom for a circuit 
in the semiconductor micromachine 1 can be enhanced. * 

As described hitherto, this embodiment provides a 
semiconductor micromachine with a high S/N ratio and a high 
degree of design freedom that is capable of preventing 
crosstalk of signals among a plurality cf electrodes and 
wires . 

Although the movable portion 13, the stationary 
portions 17, and the acicular bodies 15, 150 of this 
embodiment are formed of a semiconductor thin film of 
polycrystal silicon, these portions may also be formed of a 
semiconductor thin film of non-crystal silicon, SiC, SiGe or 
SiCGe. The semiconductor thin film cf any of these 
materials can be manufactured under a normal silicon IC 
process, which boosts mass-productivity and yields. In the 
case where the semiconductor thin film is made of 
polycrystal silicon or non-crystal silicon, the 
manufacturing process thereof can be carried out at a lower 
temperature. By manufacturing the semiconductor thin film 
at a lower temperature, it is possible to inhibit re- 
diffusion of a dopant in a subsequent process, thus 
realizing a condition suitable for gram refinement. 

In this embodiment, the respective electrode sections 
and wires of the movable portion 13 are made of an n-type 
semiconductor, and the electrical insulation section is made 
of an undoped semiconductor. However, the respective 
electrode sections or wires may be made of a p-type 
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semiconductor. Due to a construction where the p-type 
semiconductor is used, the manufacturing process can be 
facilitated, and the respective capacitance values 
determined by the electrodes can be reduced. Accordingly, 
it is possible to reduce the possibility of crosstalk of 
signals occurring between the electrodes. 

The n-type semiconductor is preferably obtained by 
doping polycrystal silicon, non-crystal silicon or the like 
with a dopant such as phosphorus, arsenic, antimony or the 
like. It is thus possible to obtain a low-resistance n-type 
semiconductor and reduce signal delays resulting from 
parasitic capacitance. On the other hand, the * p-type 
semiconductor is preferably obtained by doping polycrystal 
silicon, non-crystal silicon or the like with a dopant such 
as boron, gallium, indium or the like. It is thus possible 
to achieve a conductivity approximate to that of the low- 
resistance n-type semiconductor and obtain a semiconductor 
micromachine of higher performance. 

In addition, the semiconductor constituting the 
electrical insulation section may be different in type from 
the semiconductor constituting the respective electrodes or 
wires. That is, in the case where the respective electrodes 
or wires are made of an n-type semiconductor, the electrical 
insulation section is made of a p-type semiconductor, 
whereas in the case where the respective electrodes or wires 
are made of a p-type semiconductor, the electrical 
insulation section is made of an n-type semiconductor* In 
this manner, there is formed in the movable portion 13 an 
npn-connection or a pnp-connect ion which prevents electric 
charges from moving between the electrodes and the 
electrical insulation section. In this case, an undoped 
semiconductor may be interposed between the electrode 
sections and the electrical insulation section. It is thus 
possible to prevent the movement of electric charges between 
the electrode sections and the electrical insulation section 
more reliably. 

Furthermore, it is preferable that the carrier density 
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of the electrical insulation section be lower than that of 
the respective electrodes/wires. In general, in the 

interface between the p-type and n-type semiconductors, the 
number of electrons moving diffusely or in any other manner 
is very small due to recombination, and there is formed a 
depletion layer where only ionized electrons exist. This 
depletion layer tends to spread towards a side of lower 
carrier densities. This depletion layer, where virtually no 
carriers exist, has a low electrical conductivity. 
Accordingly, the depletion layer is formed on the side of 
the electrical insulation section by lowering the carrier 
density thereof. It is thus possible to prevent the 
depletion layer from being formed on the side of the 
electrodes or the wires. In the case where the depletion 
layer is formed on the side of the electrodes or the wires, 
the effective active area of the electrodes or the wires is 
reduced by the area of the depletion layer. 
Second embodiment 

A semiconductor micromachine according to a second 
embodiment of the present invention will now be described. 

The semiconductor micromachine 19 as illustrated in 
Fig. 3 includes the movable portion 13, which has on both 
sides thereof the comb-shaped driving electrode sections 161. 
The detecting electrode section 162 constitutes a central 
portion of the movable portion 13. The movable portion 13 
is also provided with . the wires 159 for electrically 
connecting the detecting and driving electrode sections 162, 
161 with the acicular bodies 159. 

The driving electrode sections 161, the detecting 
electrode section 162, and the wires 159 are interconnected 
by the electrical insulation section 160. 

The movable portion 13 is made of an undoped 
polycrystal silicon, while the driving electrode sections 
161, the detecting electrode section 162, and the wires 159 
are each made of an n-type semiconductor manufactured by 
doping the aforementioned polycrystal silicon using ion 
implantation of phosphorus. 
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As shown in Figs. 3, 4, the material interconnecting 
the driving electrode sections 161, the detecting electrode 
section 162 and the wires 159 remains undoped. This undoped 
material constitutes the electrical insulation section 160. 

Additionally, provided at the center of the electrical 
insulation section 160 is a central portion 169, which 
further ensures electrical insulation among the respective 
electrodes and the wires. 

In other respects, this embodiment is identical to the 
first embodiment. 

The operation and effect of the semiconductor 
micromachine 19 of this embodiment are substantially the 
same as those of the first embodiment. 
Third embodiment 

A semiconductor micromachine according to third 
embodiment of the present invention will now be described. 

The semiconductor micromachine of this embodiment is 
basically identical to that of the first embodiment except 
that a diffusion inhibiting layer is formed on a bottom 
surface of the movable portion 13 facing the gap portion 11 
as illustrated in Fig. 6(b). A concrete construction of 
this embodiment is apparent from Figs. 1, 2 for illustration 
of the first embodiment, and hence, the explanation thereof 
is omitted. 

The overall manufacturing method of this semiconductor 
micromachine will now be described with reference to Figs. 5 
through 8 . 

First, the substrate 12 having on a surface thereof an 
etching stopper layer 54 is prepared. Subsequently, an 
etching layer 55 is then provided or. the etching stopper 
layer 54. A diffusion inhibiting layer 52 is then provided 
on the etching layer 55, and a semiconductor thin film 57 is 
then provided on the diffusion inhibiting layer 50. 
Thereafter, the semiconductor thin fiin 5" is selectively 
doped with a dopant. This process of selective doping may 
be accompanied by a thermal treatment, for example, to 
reduce internal stresses. 
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The semiconductor thin film 57 is then subjected to 
photolitho etching. This photblitho etching provides the 
semiconductor thin film 57 with a predetermined pattern and 
introduction holes 579 leading to the etching layer 55. The 
predetermined pattern is a pattern that forms the acicular 
bodies 15, 150, the stationary portions 17, and the movable 
portion 13 as illustrated in Fig. 1. 

Subsequently, the etching layer 55 is removed. This 
process forms the aforementioned gap portion and thus 
enables the movable portion 13 to move. 

The semiconductor micromachine can be manufactured in 
the aforementioned processes. By adding another process of 
removing the diffusion inhibiting layer to these processes, 
it also .becomes possible to manufacture the semiconductor 
micromachines as described in the first and second 
embodiments . 

The diffusion inhibiting layer is preferably subjected 
to a patterning process. In the case where the diffusion 
inhibiting layer is subjected to a patterning process, it is 
possible to selectively dope the semiconductor thin film 
using a dopant contained in the etching layer at the time of 
a thermal treatment. This makes it possible to carry out 
the thermal treatment and the formation of electrodes or the 
like simultaneously, thus achieving an enhanced efficiency 
in manufacturing the semiconductor micromachine. 

A manufacturing method of the semiconductor 
micromachine of this embodiment will now be described. 
First manufact uring method 

As shown in Figs. 5(a), 7(a), the distance detecting 
electrode 18 or the like is provided on the substrate 12 
made of p-type monocrystal silicon. This distance detecting 
electrode 18 is obtained by using a resist pattern formed by 
a photolitho process as a mask, doping a predetermined 
portion thereof with phosphorus by means of ion implantation, 
and carrying out a thermal treatment. 

The substrate thus constructed constitutes the 
substrate 12 of the semiconductor micromachine 1. 
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The distance detecting electrode 18 or the like may be 
made of an n-type polycrystal silicon thin film. In this 
case, the substrate 12 may be an insulating substrate made 
of sapphire, glass or the like. 

Alternatively, the distance detecting electrode 18 may 
be formed by doping a p-type polycrystal substrate with an 
n-type dopant. Also, the aforementioned distance detecting 
electrode or the like may be formed of an n-type polycrystal 
Si, by providing an insulating film of SiN, SiON, Si0 2 or 
the like on an electrically conductive substrate of 
monocrystal silicon, polycrystal silicon, stainless or the 
like. 

A silicon oxidation film 53 is provided on the 
substrate 12 by means of oxidation in the 0 2 atmosphere. 
Furthermore, the etching stopper layer 54 is provided on the 
silicon oxidation film 53 by an LP-CVD method where SiH 4 and 
NH 3 are used as a source gas. 

The silicon oxidation film 53 serves to protect the 
distance detecting electrode 18 or the like, and the etching 
stopper layer 54 serves to prevent an etchant used in a 
later-described etching process from eroding the substrate 
12. The etching stopper layer 54 is made of Si 3 N 4 . 

In the case where the distance detecting electrode 18 
or the like of n-type polycrystal Si or n-type monocrystal 
Si is formed in a substrate having a surface whose etching 
rate for BHF (buffered hydrofluoric acid) is lower than for 
PSG (phosphoglass) , the silicon oxidation film 53 and the 
etching stopper layer 54 are not absolutely indispensable. 

As shown in Figs. 5(a), 7(a), the etching layer 55 is 
provided on the etching stopper layer 54 by the LP-CVD 
method where SiH 4 , 0 2 and PH 3 are used as a source gas. The 
etching layer 55 is made of PSG, 

Subsequently, the diffusion inhibiting layer 50 is 
provided on the etching layer 55 by the LP-CVD method where 
SiH 4 -NH 3 is used as a source gas. The diffusion inhibiting 
layer 50 is made of Si 3 N 4 . 

As shown in Figs. 5(b), 7(b), contact holes 500 



penetrating the silicon oxidation film 53, the etching 
stopper layer 54, the etching layer 55 and the diffusion 
inhibiting layer 50 are formed using phctolitho etching. 

Thereafter, as shown in Figs. 5(c), 7(c), the 
semiconductor thin film 57 is provided on the diffusion 
inhibiting layer 50 by the LP-CVD method where SiH, is used 
as a source gas. The semiconductor thin film 57 constitutes 
the movable portion 13 and the acicular bodies 15, 150 of 
the semiconductor micromachine 1. 

In this case, the semiconductor thin film 57 fills the 
contact holes 500, thus forming leg portions 559 integrated 
therewith. The leg portions 559 serve to support the 
acicular bodies 15, 150 of the semiconductor micromachine 1. 
The semiconductor thin film 57 is made of polycrystal 
silicon . 

The semiconductor thin film 57 is then provided with a 
resist pattern that is formed by a photolitho process as a 
mask, and doped with phosphorus as a dopant by means of ion 
implantation. This doping process provides the 

semiconductor thin film 57 with doping areas 561, 562 and 
571 that are used as the detecting electrode section 162, 
the driving electrode sections 161, and the stationary-side 
driving electrode sections 171 of the semiconductor 
micromachine 1. 

Arsenic may also be used as a dopant for ion 
implantation. 

An undoped area 560 that is left undoped is provided 
between the doping areas 561, 562. The undoped area 560 
constitutes the electrical insulation section 160 of the 
finished semiconductor micromachine 1. 

In this case, the electrical insulation section 160 
may be entirely or partially subjected to ion implantation 
of boron. 

The substrate 12 is then subjected to a thermal 
treatment in the nitrogen atmosphere at 1000 t for 30 
minutes in an annealing furnace. This thermal treatment 
reduces internal stresses generated in the semiconductor 
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thin film 57 during the aforementioned processes and 
activates the dopant contained therein. 

Instead of ion implantation of an n-type dopant in the 
semiconductor thin film 57, the doping areas 561, 562 and 
571 may be formed by selectively diffusing phosphorus or 
arsenic in a vapor phase or a solid phase from the surface 
of the semiconductor thin film 57. 

The aforementioned selective diffusion in a vapor 
phase includes the steps of forming a thin film containing 
no n-type dopant such as a BSG film, a SiN film, SiON film 
or the like, patterning the thin film in a photolitho 
etching process, and subjecting it to a thermal treatment in 
the P or As atmosphere. 

The aforementioned selective diffusion in a solid 
phase includes the steps of forming and patterning a thin 
film such as a BSG film, a SiN film, SiON film or the like, 
forming subsequently another thin film containing a dopant 
such as a PSG film, an ASG film or the like, and subjecting 
the thin film containing the dopant to a thermal treatment 
in the nitrogen atmosphere. The PSG film, the ASG film, the 
BSG film, the SiN film and the SiON film may be removed 
after the thermal treatment. 

As shown in Figs. 6(a), 8(a), the semiconductor thin 
film 57 is subjected to a photolitho etching process to form 
a resist pattern, which is used as a mask in an anisotropic 
etching process by means of RIE. in this manner, the 
portions constituting the movable portion 13, the driving 
electrode sections 161 provided adjacent to the movable 
portion 13, the acicular bodies 15, 150, the stationary 
portions 17, and the stationary-side driving electrode 
sections 171 are formed. 

These portions are provided with many introduction 
holes 579 for introducing a later-described etchant 
thereinto, the introduction holes 579 having a square cross 
section whose side length is about 4^m. 

Subsequently, the etching layer 55 is subjected to an 
etching process. In this etching process, buffered 
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hydrofluoric acid is used as an etchant. 

In the aforementioned etching process, the etchant 
passes through the introduction holes 579, reaches the 
etching layer 55 beneath the semiconductor thin film 57, and 
erodes the etching layer 55. 

In this manner, as shown in Figs. 6(b), 8(b), the gap 
portion 11 is formed between the semiconductor thin film 57 
and the substrate 12. 

Thereafter follow the processes of pure water cleaning, 
alcohol (IPA) -substitution, and desiccation, so that the 
semiconductor micromachine 1 is obtained. 

The operation and effect of this manufacturing " method 
will now be described. 

In. the aforementioned manufacturing method of the 
semiconductor micromachine 1, the diffusion inhibiting layer 
50 is provided on the etching layer 55, and the 
semiconductor thin film 57 constituting the movable portion 
13 is provided on the diffusion inhibiting layer 50. 

It is thus possible to inhibit the dopant contained in 
the etching layer -55 from being diffused into the 
semiconductor thin film 57. 

Accordingly, it is possible to prevent an excessive 
amount of dopant from entering the electrical insulation 
section 160 that interconnects the driving electrode 
sections 161 and the detecting electrode section 162 of the 
movable portion 13, thereby keeping the conductivity of the 
electrical insulation section 160 low. It is thus possible 
to provide the high-performance semiconductor micromachine 1 
which ensures electrical insulation among the driving 
electrode sections 161 and the detecting electrode section 
162. 

Should the dopant be diffused into the semiconductor 
thin film 57, the conductivity of the semiconductor thin 
film 57 would be enhanced, the electrical insulation among 
the electrode sections thus would be invalidated, and the 
movement of electric charges therebetween (crosstalk of 
electrical signals) would be induced. 
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As described hitherto, according to this manufacturing 
method, the dopant is not diffused from the etching layer 
over the entire surface of the semiconductor thin film. 
Accordingly, it is possible to manufacture a semiconductor 
micromachine whose respective electrodes and wires are 
securely separated from each other by the electrical 
insulation section. 
Second manufacturing method 

Another manufacturing method of the 
semiconductor micromachine, which is different from the 
first manufacturing method as described above, will now be 
described. 

In this manufacturing method, as shown in Fig. 9, the 
diffusion inhibiting layer 50 is provided with dopant 
diffusion windows 501. The semiconductor thin film 57 is 
selectively doped by passing a dopant contained in the 
etching layer 55 through the dopant diffusion windows 501, 
so that the electrodes and the wires are formed. 

This manufacturing method provides a semiconductor 
micromachine wherein the driving electrode sections, the 
detecting electrode section, the wires and the like of the 
movable portion are made of an n-type semiconductor, and 
wherein the electrical insulation section is made of a p- 
type semiconductor or an undoped semiconductor. 

The aforementioned semiconductor micromachine is 
constructed substantially in the same manner as that of the 
first embodiment as illustrated in Fig. 1. 

As is the case with the fist manufacturing method as 
illustrated in Figs. 5 through 8, this manufacturing method 
also employs the substrate 12 having on the surface thereof 
the distance detecting electrode 18 or the like. 

Subseguently, the silicon oxidation film 53 is 
provided on the substrate 12, and the etching stopper layer 
54 is provided on the silicon oxidation film 53. 
Furthermore, PSG as the etching layer 55 is provided on the 
etching stopper layer 54, and the diffusion inhibiting layer 
50 having the dopant diffusion windows 501 is provided on 
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the etching layer 55. 

As shown in Fig. 9, the dopant diffusion windows 501 
are provided such that the overall shape and locations (as 
illustrated in Fig. 1) of the stationary-side driving 
electrode sections 171, the acicular bodies 15, the wires 
159, the driving electrode sections 161, the detecting 
electrode section 162 and the like of the semiconductor 
micromachine 1 to be manufactured are obtained. The dopant 
diffusion windows 501 are hollow hole portions formed in the 
diffusion inhibiting layer 50 such that the etching layer 55 
can face the later-described semiconductor thin film 57. 

After the semiconductor thin film has been formed, the 
portions constituting the stationary-side driving electrode 
sections. 171, the acicular bodies 15, the wires 159, the 
driving electrodes 161 and the detecting electrode section 
162 may be doped with an n-type dopant by means of ion 
implantation. By doping the semiconductor thin film 57 from 
both sides thereof with the dopant in this manner, the 
doping process can be carried out reliably. 

Instead of doping the semiconductor thin film 57 with 
the n-type dopant by means of ion implantation, the doping 
areas 561, 562 and 571 may be formed by selectively 
diffusing phosphorus or arsenic into the semiconductor thin 
film 57 in a vapor phase or a solid phase. 

After the thermal treatment, the PSG film, the ASG 
film, the BSG film, the SiN film and the SiON film may be 
removed. Also, the semiconductor thin film 57 may be a p~- 
type semiconductor. The p*-type semiconductor is a p-type 
semiconductor containing a dopant dense enough to be changed 
into a n-type semiconductor by diffusing the dopant from the 
etching layer. 

The substrate 12 or the like is then subjected to a 
thermal treatment. In this case, the phosphorus contained 
in the etching layer 55 is diffused from the dopant 
diffusion windows 501 into the semiconductor thin film 57. 

The doping areas 561, 562 and 571 of n-type are thus 
formed in the semiconductor thin film 57. These areas 
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constitute the stationary-side driving electrode sections 
171, the acicular bodies 15, the wires 159, the driving 
electrode sections 161, and the detecting electrode sections 
162 of the semiconductor micromachine 1. 

By subsequently processing the semiconductor thin film 
57, the portions constituting the movable portion 13, the 
driving electrode sections 161 provided adjacent to the 
movable portion 13, the acicular bodies 15, 150, the 
stationary portions 17, and the stationary-side driving 
electrode sections 171 are formed. 

Thereafter, as in the first manufacturing method, an 
etching process or the like is carried out, ahd the 
semiconductor micromachine' 1 is thus obtained. 

In. other details, this manufacturing method is 
substantially the same as the first manufacturing method. 

According to this manufacturing method, the driving 
electrode sections 161, the detecting electrode section 162, 
the wires each made of an n-type semiconductor are 
interconnected by the electrical insulation section 160 made 
of a p-type semiconductor or an undoped semiconductor. 

Namely, an npn-connection or an n- (undoped) -n- 
connection is formed in the movable portion 13. It is thus 
possible to ensure electrical insulation between the driving 
electrode sections 161 and the detecting electrode section 
162 reliably. 

In other respects, the operation and effect of this 
manufacturing method are substantially the same as those of 
the first manufacturing method. 

In this manufacturing method, the stationary-side 
driving electrode sections 171, the acicular bodies 15, the 
wires 159, the driving electrode sections 161, and the 
detecting electrode section 162 and the like are formed by 
using the dopant diffusion windows 501. Conversely, however, 
the electrical insulation section 160 may be formed by using 
the dopant diffusion windows. 

In the aforementioned manufacturing method, the 
diffusion inhibiting layer is utilized to form the 
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conductive portions such as the electrode sections or the 
wires separately from the electrical insulation section. 
However, the diffusion inhibiting layer is not absolutely 
indispensable for separating these portions from each other. 
Hereinafter, this manufacturing method will be described 
schematically with reference to Figs. 10 to 13. 

First, the etching layer 55 made of a Ge film is 
formed on the substrate 12. The semiconductor thin film 57 
made of Si (Si film) is then formed on the etching layer 55. 
Then, the semiconductor thin film 57 is selectively doped 
with a dopant. In this case, the semiconductor thin film 57 
may be subjected to a thermal treatment in order to * reduce 
inner stresses. 

Subsequently, the semiconductor thin film 57 is 
patterned in a photolitho etching process, so that at least 
the introduction holes 579 for introducing an etching agent, 
the movable portion 13 having a pluraliry of electrodes 
(namely, the driving electrode sections 161 and the 
detecting electrode section 162) or the wires 159 and the 
electrical insulation section 160, and the acicular bodies 
15, 150 supporting the movable portion 13 are formed. By 
subsequently removing the etching layer 55, the gap portion 
11 is formed, and the semiconductor thin film 57 is formed 
as the movable portion 13. 

In this manufacturing method, the etching layer is 
made of a mixed crystal thin film. Preferably, the etching 
layer contains a higher percentage cf Ge than the 
semiconductor thin film. It is generally known that the 
higher percentage of Ge is contained, the higher the etching 
rate becomes. It is thus possible to subject an etching 
layer to an etching process by priority by enhancing the 
percentage, of Ge contained therein. 

In order to remove the etching layer, it is desirable 
to use at least one sort of etching agent selected from 
oxygenated water, the mixture of oxygenated water and 
sulfuric acid, and the mixture of oxygenated water and 
hydrofluoric acid. Oxygenated water and the mixture of 
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oxygenated water and sulfuric acid are far from toxic, and 
therefore easy to handle. In the case where oxygenated 
water or the mixture of oxygenated water and sulfuric acid 
is used as the etching agent, a Ge thin film is suitable for 
the etching layer. In the case where the mixture of 
oxygenated water and hydrofluoric acid is used, both a Si-Ge 
mixed crystal thin film and the Ge thin film can be used as 
the etching layer. 

The etching layer may be removed by subjecting it to a 
thermal treatment in the oxygen atmosphere. Accordingly, in 
the case where the etching layer is made of a Ge thin film, 
the etching process can be carried out in a vapor* phase. 
The vapor phase etching allows the etching layer to be 
removed .without causing damage thereto. In this case, the 
aforementioned etching process is most preferably carried 
out in the low pressure atmosphere. This accelerates 
desorption of a compound of Ge with oxygen (GeO x ) . 

The etching layer may be an undoped Ge thin film or a 
Si-Ge mixed crystal thin film. In this case, it is possible 
to prevent a dopant from the etching layer into the 
semiconductor thin film reliably. 

The etching layer may also be an n-type Ge thin film 
or an n-type Si-Ge mixed crystal thin film including at 
least one sort of n-type dopant selected from P, As and Sb. 
In this case, it is possible to enhance the etching rate of 
the etching layer and reduce the etching time. 

Furthermore, the density of the n-type dopant in the 
etching layer is preferably equal to or lower than 10 20 cm" 3 . 
If the density of the dopant is higher than this value, the 
amount of the n-type dopant diffused into the semiconductor 
thin film increases, so that the conductivity of the 
semiconductor thin film increases correspondingly. 
Therefore, the electrical insulation section interconnecting 
the electrode sections may no longer perform an' insulating 
function, so that the movement of electric charges between 
the respective electrode sections via the electrical 
insulation section (crosstalk of electric signals) may be 
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induced . 

In the case where the etching layer is made of n-type 
Ge or Si-Ge, it is possible to inhibit the dopant in the 
etching layer from being diffused by employing n-type 
electrodes of the movable portion and p-type wires. 

In addition, the etching layer may also be a p-type Ge 
thin film or S-Ge mixed crystal thin film including at least 
one sort of p-type dopant selected from B, Ga and In. in 
the case where electrode sections of an n-type semiconductor 
interconnected by an undoped electrical insulation section 
are provided preliminarily on the semiconductor thin film, 
the p-type dopant in the etching layer is diffused into the 
electrical insulation section. Consequently, the electrical 
insulation section acquires, although to a limited extent, 
the characteristics of p-type. In this manner, there is 
formed in the movable portion an npn-connect ion, which 
ensures electrical insulation among the electrode sections 
more reliably. 

In this case, the density of the p-type dopant is 
preferably equal to or lower than 10 20 cm -3 . If the density 
of the dopant is lower than this value, the etching rate of 
the etching layer does not drop substantially. It is thus 
possible to reduce the etching time. 

The etching layer is preferably made of a Si-Ge mixed 
crystal thin film containing 20 or more atm (atomic) % of Ge . 
In this case, the semiconductor thin film constituting the 
movable portion preferably contains 80 or less atm % of Ge . 
It is thus possible to carry out the etching process 
reliably using oxygenated water and hydrofluoric acid. In 
the case where the etching layer contains less than 20 atm % 
of Ge and where the semiconductor thin film contains more 
than 80 atm % of Ge, the etching selective ratio of the 
etching layer to the semiconductor thin film constituting 
the movable portion decreases. Therefore, it is likely that 
the semiconductor thin film constituting the movable portion 
is subjected to the etching process. 

The substrate is preferably provided with selective 
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growth masks made of a Si oxidation film or a Si nitridation 
film for selectively forming the etching layer. It is thus 
possible to selectively form the etching layer only at 
desired locations. After the selective growth of the 
etching layer, the selective growth masks may be removed or 
left as they are. In the latter case, the semiconductor 
thin film can be provided on the selective growth masks. 

A further manufacturing method of such a 
semiconductor micromachine will now be described. 
Third manuf acr. urina methnrt 

As shown in Figs. 10(a), 12(a), the distance detecting 
electrode 18 or the like is provided on the substrate 12 
made of p-type monocrystal silicon. The distance detecting 
electrode 18 or the like is manufactured by using a resist 
pattern formed by a photolitho process and doping a 
predetermined portion with phosphorus as an n-type dopant by 
means of ion implantation. 

The substrate 12 of the semiconductor micromachine 1 
is thus manufactured. 

The substrate 12 is then heated/oxidated, and the 
silicon oxidation film 53 having a thickness of 1000A is 
provided on the substrate 12. The silicon oxidation film 53 
is provided to protect the distance detecting electrode 18 
or the like. 

As shown in Figs. 10(a), 12(a), the etching stopper 
layer 54 is provided on the silicon oxidation film 53 formed 
on the substrate 12 by a P-CVD (plasma chemical vapor 
deposition) method using SiH 4 and NH 3 as a source gas. The 
etching stopper layer 54 is made of a silicon nitridation 
film having a thickness of 3000A. The etching layer 54 and 
the Si02 film 53 are not absolutely indispensable. 

Subsequently, the etching layer is formed on the 
etching stopper layer 54 by the P-CVD method using GeH 4 as a 
source gas. The etching layer is mace of a Ge thin film 
having a thickness of 2jum. 

In the case where the etching stopper layer 54 and the 
SiQ 2 film 53 are not provided, it is desirable to form an 



undoped Ge thin film by a normal CVD method. 

As shown in Figs. 10(b), 12(b), the silicon oxidation 
film 53, the etching stopper layer 54, the contact holes 500 
penetrating the etching layer 55 are formed by the etching 
process, using a resist pattern formed by a photolitho 
process as a mask. 

As shown in Figs. 10(c), 12(c), the semiconductor thin 
film 57 is provided on the etching layer 55 by a LP-CVD 
method where SiH„ is used as a source gas. The 
semiconductor thin film 57 is made of a polycrystal Si thin 
film having a thickness of 2 u m. The semiconductor thin 
film 57 constitutes the movable portion 13, the acicular 
bodies IS, 150 and the like of the semiconductor 
micromachine 1 manufactured according to this manufacturing 
method . 

In this case, the contact holes 500 are also filled 
with leg portions 559 integrated with the semiconductor thin 
film 57. The leg portions 559 serve to support the acicular 
bodies 15, 150 of the semiconductor micromachine 1. 

Subsequently, the semiconductor thin film 57 is doped 
with phosphorus as a dopant by means of ion implantation, 
using a resist pattern formed by a photolitho process as a 
mask. This doping process makes it possible to provide the 
semiconductor thin film 57 with the doping areas 561, 562 
and 571 that serve as the detecting electrode section 162, 
the driving electrode ' sections 161, and the stationary-side 
driving electrode sections 171 of the semiconductor 
micromachine 1 respectively. In this case, the portions 
constituting the acicular bodies 15 and the wires 159 are 
manufactured in a similar manner. 

The doping areas 561, 562 are interconnected by an 
undoped area 560 that is left undoped. This undoped area 
560 serves as the electrical insulation section 160 of the 
finished semiconductor micromachine 1. 

The substrate 12 is then subjected to a thermal 
treatment in the nitrogen atmosphere at 1000 t for 30 
minutes in an annealing furnace. This thermal treatment 
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reduces internal stresses generated in the semiconductor 
thin film 57 during the aforementioned processes and 
activates the dopant contained therein. 

As shown in Figs. 11(a), 13(a), the semiconductor thin 
film 57 is subjected to a photolitho etching process to form 
a resist pattern, which is used as a mask in an anisotropic 
etching process by means of RIE. In this manner, the 
portions constituting the movable portion 13, the driving 
electrode sections 161 provided adjacent to the movable 
portion 13, the acicular bodies 15, 150, the stationary 
portions 17, and the stationary-side driving electrode 
sections 171 are formed. 

The movable portion 13 is provided with many 
introduction holes 579 for introducing a later-described 
etchant thereinto, the introduction holes 579 having a 
square cross section whose side length is about 4/zm. 

Subsequently, the etching layer 55 is subjected to an 
etching process. In this etching process, oxygenated water 
is used as an etchant. 

In the aforementioned etching process, the etchant 
passes through the areas deprived of the semiconductor thin 
film 57 by the etching process, reaches the etching layer 55 
beneath the semiconductor thin film 57, and erodes the 
etching layer 55. 

In this manner, as shown in Figs. 11(b), 13(b), the 
gap portion 11 is formed between the semiconductor thin film 
57 and the substrate 12. 

Thereafter follow the processes of pure water cleaning, 
alcohol (IPA) -substitution, and desiccation, so that the 
semiconductor micromachine 1 is obtained. 

The operation and effect of this manufacturing method 
will now be described. 

In this manufacturing method, the etching layer 55 is 
made of a Ge thin film. The etching layer 55 thus contains 
few materials that act as a dopant for the semiconductor 
thin film 57 . Hence, there is no possibility of a dopant 
being diffused from the etching layer 55 into the 
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semiconductor thin film 57. 

It is thus possible to prevent an excessive amount of 
dopant from entering the electrical insulation section 160 
that interconnects the driving electrode sections 161, the 
detecting electrode section 162, and the wires 159 of the 
movable portion 13. 

It is thus possible to keep the conductivity of the 
electrical insulation section 160 low. 

As a result, the high-performance semiconductor 
micromachine 1 which ensures electrical insulation among the 
electrodes and the wires can be obtained. 

Although the wires connecting the aforementioned 
electrode pads with the respective electrodes are formed by 
means of ion implantation into the substrate, it is also 
possible to employ an n-type area, a metallic thin film or 
the like. The metallic thin film is used for the wires or 
electrode pads that have been changed into the n-type by 
means of ion implantation into the semiconductor thin film 
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Hence, it is possible to provide a manufacturing 
method of the semiconductor micromachine 1 whose respective 
electrodes and wires of the movable portion 13 are securely 
separated from each other by the electrical insulation 
section 160. 

Alternatively, the semiconductor micromachine of the 
present invention can be manufactured as follows. 
Fourth manufac turing mPthnH 

According to the fourth manufacturing method of the 
semiconductor micromachine, the substrate is provided with a 
selective growth masks made of a Si oxidation film for 
selectively forming the etching layer. 

First, the substrate 12 is provided with the distance 
detecting electrode 18 or the like substantially in the same 
manner as in the third manufacturing method. 

As shown in Fig. 14(a), a SiO : thin film is then 
formed on the substrate 12 in a thermal treatment in the 
oxygen atmosphere, a resist pattern is formed as a mask in a 



photolitho etching process, and the Sio2 thin film is 
subjected to an etching process by means of RIE . In this 
manner, selective growth masks 570 are formed. 

Subsequently, as shown in Fig. 14(b), the etching 
layer 55 is provided by the LP-CVD method where GeH A is used 
as a source material. In this case, the etching layer 55 is 
not formed on the portions provided with the selective 
growth masks 570. Therefore, these portions become the 
contact holes 500. 

The formation of the etching layer 55 utilizes 
selective growth by means of thermal decomposition of GeH 4 . 
In this case, it is possible to employ means for utilizing a 
thermal decomposition reaction of GeH 4 , such as a gas source 
molecular beam epitaxial system (GS-MBE) , an atmospheric 
pressure CVD system and the like. 

As shown in Fig. 14(c), the selective growth masks 570 
remaining within the contact holes 500 are then removed by 
an etching process where hydrofluoric acid is used. 

Subsequently, the semiconductor thin film is formed on 
the etching layer 55 and subjected to the selective doping 
process and the thermal treatment. The introduction holes 
for introducing an etchant, the movable portion and the 
acicular bodies are then formed on the semiconductor thin 
film. 

Thereafter, the etching layer is removed, so that the 
semiconductor thin film together with the gap portion 
constitutes the movable portion. In this manner, the 
semiconductor micromachine 1 is obtained. 

In other respects, this manufacturing method is 
substantially the same as the third manufacturing method. 

This manufacturing method allows formation of the 
contact holes by means of selective growth, so that the 
etching layer provided with the contact holes with a high 
aspect ratio can be obtained. In other respects, this 
manufacturing method is substantially the same as the third 
manufacturing method. 

While the present invention has been described with 
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reference to what are presently considered to be preferred 
embodiments thereof it ic i-^ preferred 

r ' 1C 15 tc be understood that the present 
mvent.on is not l imited to the disclosed 
manufacturing methods. To the contrary, the 
invention is intended to cover various J^t£ t J™™ 
equivalent arrangements included within the 

of the appended claims. scope 
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CLAIMS: 

1. A semiconductor micromachine comprising: 
a substrate; 

a movable portion arranged opposite the substrate 
with a gap portion interposed therebetween, the movable 
portion being made of a semiconductor and having a 
plurality of electrode sections and an electrical 
insulation section interconnecting the electrode sections ; 
and 

supporting bodies for floatably supporting the 
movable portion. 

2 . A semiconductor micromachine according to claim 1 
wherein the semiconductor is made of at least material 
selected from silicon, germanium, SiC, SiGe and SiCGe. 

3 . A semiconductor micromachine according to claim 2 
wherein the silicon is polycrystal silicon or non-crystal 
silicon. 

4 . A semiconductor micromachine according to any 
preceding claim wherein the electrode sections are made of 
an n-type semiconductor or a p-type semiconductor, and 
wherein the electrical insulation section is made of an 
undoped semiconductor. 

5 . A semiconductor micromachine according to any of 
claims 1 to 3, wherein if the electrode sections are made 
of an n-type semiconductor, the electrical insulation 
section is made of a p-type semiconductor, and wherein if 
the electrode sections are made of a p-type semiconductor, 
the electrical insulation section is made of an n-type 
semiconductor . 

6 . A semiconductor micromachine according to any 
preceding claim wherein an undoped semiconductor is 
arranged between the electrode sections and the electrical 
insulation section . 
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7 . A semiconductor micromachine according to any 

preceding claim wherein the carrier density of the 

electrical insulation section is lower than the carrier 
density of the electrode sections. 



8 - A semiconductor micromachine according to any 
preceding claim wherein the plurality of electrode 
sections comprise movable -side driving electrode sections 
for driving the movable portion and a movable-side 
detecting electrode section serving as a sensor for 
output ting a state of the movable portion, the 
movable-side driving electrode sections being electrically 
insulated from each other by the electrical insulation 
section. 



9 . A semiconductor micromachine according to claim 8 
wherein a substrate-side distance detecting electrode for 
detecting the distance between the substrate and the 
movable portion is arranged at a location of the substrate 
that is opposite the movable portion. 

10. A semiconductor micromachine according to claim 9, 
wherein a distance detecting circuit for detecting a 
distance between the substrate-side distance detecting 
electrode and the movable-side detecting electrode section 
is provided. 



11. A semiconductor micromachine according to claim 10, 
wherein the distance detecting circuit has electrostatic 
capacity detecting means for detecting a difference in 
electrostatic capacity between the substrate-side 

distance detecting electrode and the movable -side 
detecting electrode section, and wherein a distance 
between the substrate-side distance detecting electrode 
and the movable-side detecting electrode section is 
calculated from the difference in electrostatic capacity 
detected by the electrostatic capacity detecting means. 



12. A semiconductor micromachine according to claims 8 
to 11 wherein the movable-side driving electrode sections 
are formed at opposing sides of the movable portion. 

13. A semiconductor micromachine according to claim 12, 
wherein stationary- side driving electrodes are formed on 
the substrate, and wherein the stationary- side driving 
electrode sections are arranged to face the movable-side 
driving electrode sections formed on opposing sides of the 
movable portion. 

14. A semiconductor micromachine according to claim 13, 
wherein the movable-side driving electrode sections are 
comb- shaped and have a plurality of projecting strip 
portions projecting towards the stationary- side driving 
electrode sections, wherein the stationary-side driving 
electrode sections are comb-shaped and having a plurality 
of projecting strip portions projecting towards the 
movable -side driving electrode sections, and wherein both 
projecting strip portions are engaged with each other 
without contacting each other. 

15 . A semiconductor micromachine according to claim 13 
or claim 14, wherein the movable portion is driven by 
applying an alternating-current voltage to the 
stationary-side driving electrode sections, so that the 
movable portion reciprocates horizontally. 

16. A semiconductor micromachine according to claim 15, 
wherein the movable portion is caused to rotate in a 
predetermined direction at a certain angular velocity, the 
movable portion is also caused by Corioli's forces to 
vibrate vertically, that is, in a direction perpendicular 
to the substrate, wherein the vertical vibration is 
detected as a change in distance between the movable-side 
detecting electrode section and the substrate-side 
distance detecting electrode, and wherein the angular 
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velocity is calculated from the detected change 
distance . 



17. A semiconductor micromachine according to any 
preceding claim, wherein the supporting bodies have an 
acicular shape. 

18. A semiconductor micromachine according to any 
preceding claim wherein a diffusion inhibiting layer is 
provided on a back surface of the movable portion facing 
the gap portion. 



15 • A semiconductor micromachine as hereinbefore 
described with reference to the drawings. 

20. A method of manufacturing a semiconductor 
micromachine having a substrate, a movable portion 
arranged opposite the substrate with a gap portion 
interposed therebetween, the movable portion being made of 
a semiconductor having a plurality of electrode sections 
and an electrical insulation section interconnecting the 
electrode sections, and supporting bodies for floatably 
supporting the movable portion, comprising the steps of: 

forming an etching layer on the substrate; 

optionally forming a diffusion inhibiting 
(restraining) layer on the etching layer; 

forming a semiconductor layer on the diffusion 
inhibiting layer (if present) or on the etching layer (if 
the diffusion inhibiting layer is not present) ; 

selectively doping the semiconductor layer with a 
dopant ; 

patterning the semiconductor layer by photolitho 
etching to form holes for introducing an etchant to 
produce the electrode sections, the electrical insulation 
section, and the supporting bodies; and 

forming the gap portion and the semiconductor layer 
into the movable portion by removing the etching layer 
using the etchant . 



-42- 



21 • A method of manufacturing a semiconductor 
micromachine according to claim 20, wherein the step of 
forming the etching layer comprises forming an etching 
layer made of a GE thin film or a Si-Ge mixed crystal thin 
film. 



22 - A method of manufacturing a semiconductor 
micromachine according to claim 20 or claim 21, wherein 
the step of forming the semiconductor layer comprises 
forming a semiconductor layer made of at least one of the 
fourth group elements (Si, Ge and C) . 

23 • A method of manufacturing a semiconductor 
micromachine as hereinbefore described with reference to 
the drawings . 
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